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Abstract: Rate constants for the reaction between excited singlet state aromatic donors and the dialkyl peroxide, 
di-tert-butyl peroxide (DTBP), and the bicyclic endoperoxide, ascaridole (ASC), were measured in acetonitrile 
using fluorescence quenching techniques. The rate constants, measured with 18 different aromatic donors by 
Stern-Volmer quenching, range from 9.2  109 to 4.4  106 M-1 s-1. Using accurately measured standard 
reduction potentials for the peroxides, the driving force for photoinduced electron transfer is predicted to be 
thermodynamically feasible over the entire range of excited donors ranging from 49 to 10 kcal mol-1 for ASC 
and 38 to 2 kcal mol-1 for DTBP.  However, when the photoinduced kinetics are combined with previously 
measured electron transfer kinetics by homogeneous redox catalysis with ground state radical-anion donors, a 
smooth parabolic correlation for a dissociative electron transfer mechanism is not observed.  Rather, a 
discontinuity is observed between the photochemical and electrochemical data sets with the rate constants with 
singlet excited states donors being over two orders of magnitude larger than the ground state kinetics at the same 
driving force. The discrepancy is examined considering the importance of attractive interaction between 
fragments in the dissociative photoinduced electron transfer reactions.  
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Introduction   
 
 Photoinduced electron transfer (PET) reactions are often accompanied by cleavage of a 
frangible covalent bond
1-4
. Savéant developed a model, dissociative electron transfer (DET) 





 conditions. In photoinduced DET reactions, the 
electron source is a photochemically excited state donor (eq 1).  Transfer of an electron from a 
sensitizer (D*) to a substrate (AB) can involve either two successive steps (eq 2 and eq 3), or 
a single step (eq 4), depending on the existence of the radical-anion intermediate (AB) as 
shown in Scheme 1.  ET involving two successive steps is commonly referred to as a stepwise 
dissociative mechanism, while ET involving only one step without a radical-anion 
intermediate as a concerted dissociative mechanism.   
 D  +  h        D*                 (1) 
                  D*  +  AB              D+  +  AB          (2)    
   AB        A  +  B      (3) 
  D* + AB         D+  +  A  +  B   (4) 
Scheme 1:  Stepwise (eqs 1-3) versus concerted dissociative (eqs 1 and 4) PET. 











 occurs by a dissociative ET mechanism resulting in cleavage of the O-O 
bond
14
. A few examples of stepwise dissociative ET mechanisms involving peroxide bonds 
are known,
11a,11d,13
 although the vast majority of studies, including those of di-tert-butyl 
peroxide (DTBP)
8
 and ascaridole (ASC)
10
 are concerted.  Reduction of ASC results in the 
initial formation of an intermediate with a spatially separated alkoxyl radical and an alkoxide, 
termed a distonic radical-anion (eq 5), whereas ET transfer to DTBP results in the formation 
of an alkoxyl radical and an alkoxide intermediates (eq 6).  The resulting products after ET 
and protonation of the intermediates are the quantitative formation of cis-diol and tert-butyl 
alcohol, respectively.  In both studies, ET rate constants were measured in N,N-
dimethylformamide and acetonitrile using homogeneous radical-anion donors (D

) by 
homogeneous redox catalysis (Scheme 2)
8,10
.  Accurate knowledge of E°AB/A•+B- allowed for 
the analysis of the homogeneous kinetics of ASC and DTBP as a function of driving force for 
ET, GET.  Among many findings, the Z was determined to be two orders of magnitude lower 






, providing the first examples 
of non-adiabatic dissociative ET
8-10
.  Furthermore, these model systems because of their much 
weaker O-O bond, illustrated quite convincingly the parabolic dependence of the ET kinetics 
with driving force as predicted by DET theory.
5
   
 
Scheme 2 The initial reduction of ASC and DTBP with electrochemically-generated 
radical-anion donors. 
 Previous studies of ASC and DTBP from excited singlet and triplet donors concluded that 
the photoinduced reactions occur by an energy transfer mechanism
15
. An ET mechanism was 
ruled out because the feasibility for ET, calculated using the directly observed irreversible 
peak potentials from cyclic voltammetry, predicted an unfavourable driving force.  However, 
we have shown that the irreversibly observed peak potentials previous used were in error by 
up to 1 V or 23 kcal mol
-1
 due to the large overpotential from breaking of the O-O bond
8-10
.  
With knowledge of accurate standard reduction potentials for DTBP and ASC, PET is 
predicted to be readily thermodynamically feasible from singlet excited state donors.  In our 
studies on the antimalarial endoperoxide, artemisinin, a concerted DET mechanism was 
suggested under both heterogeneous electrochemical
16
 and photochemical conditions.
17
  
 Therefore, it was of interest to extend the kinetic and thermodynamic range of the existing 
homogeneous data to larger driving forces.  Only in a few cases has an extensive series of 
kinetic data been measured electrochemically and extended to larger driving forces using a 
complimentary technique
18
.The ET reduction of tert-butyl bromide with aromatic radical-
anion donors by homogeneous redox catalysis for the smaller rate constants, and pulse 
radiolysis for the larger rate constants, is the most comprehensive
19
. 
The kinetic data measured by the two independent techniques, based on ET from aromatic 
radical anions, were found 




 to be compatible, and exhibited a continuous trend.  However, it was difficult to decipher 
between a linear, or a parabolic correlation, the latter predicted by DET theory.  
 As supported by previous peroxide studies
8-10
, the lack of curvature observed with the tert-
butyl bromide data is from the larger intrinsic barrier associated with concerted cleavage of 
the C-Br bond.  
 The objective of this study was to extend the previously measured kinetic and 
thermodynamic data for ASC and DTBP measured using electrochemically generated radical-
anions to larger driving forces.  This was carried out by measuring rate constants between a 
series of singlet excited state aromatic donors and the model peroxides DTBP and ASC in 
acetonitrile using fluorescence quenching techniques.  With knowledge of the accurate 
standard reduction potentials, it was hypothesized that the kinetic data would extend the 
existing parabolic trend (as observed with tert-butyl bromide) for a concerted dissociative 
PET mechanism as observed with electrochemical methods.  Rather we observe a 
discontinuity between the photochemical excited state and the ground state electrochemical 
kinetics as a function of the driving force for ET.  The results highlight the importance of 
electrostatic interactions between fragments in photoinduced DET reactions. 
Results and Discussion 
Results 
 Bimolecular rate constants were measured in nitrogen-purged solutions of acetonitrile 
using a series of singlet excited state donors and steady-state fluorescence quenching 
techniques.  The Stern-Volmer equation (eq 7) relates the quantum yield of the sensitizer 
fluorescence, 0
f , relative to the quantum yield in the presence of quencher,
f , as a function 
of quencher concentration, [Q], where kET is the rate constant of quenching, and  the lifetime 
of the sensitizer excited state.  In practice, the fluorescence intensities rather than the quantum 
yields are used because of the ease of obtaining the measurements directly from emission 
spectra.   







   (7) 
A series of 18 aromatic and amine sensitizers with varying oxidation potentials, Eox, and 
singlet energies, ES, were selected as quenchers. Table 1 lists the sensitizers and their 
photophysical properties. Fig. 1 illustrates the effect on the emission intensity of (a) 
N,N,N',N'-tetramethylbenzidine and (b) chrysene as the concentration of ASC is incrementally 
increased.  For all sensitizers, the addition of ASC or DTBP results in a decrease in the 
fluorescence intensity and the absence of new emission bands.  The fluorescence intensity 
ratio 0
fI /
fI  was measured from an emission peak maximum (or peak area) at various 
concentrations and plotted versus [Q] according to eq 7.  The Stern-Volmer plots were linear 
in all cases as illustrated in Fig. 2. with the coefficient of determination R
2
 > 0.998.  The 
fluorescence quenching rate constants were determined from the slopes of the linear fit, equal  












Table 1: Photophysical data and oxidation potentials of the fluorescent sensitizers. 
aMeasured in acetonitrile. bCalculated from ED•/D* = 23.06(ED•/D  ES) 
cP. Iwa, U. E. Steiner, E. Vogelmann,  H. E. A. 
Kramer, J. Phys. Chem. 1982, 86, 1277.  dI. B. Berlman, Handbook of Fluorescence Spectra of Aromatic Molecules; Second 
ed.; Academic Press, New York, 1971.  eS. Hashimoto, J. K. Thomas, J. Phys. Chem. 1984, 88, 4044.  fA. E. W. Knight, B. 
K. Selinger, Chem. Phys. Lett. 1971, 10, 43.  gE. S. Pysh, N. C.Yang, J. Am. Chem. Soc. 1963, 85, 2124.  h.Measured.  iS. 
L.Murov, I. Carmichael, G. L. Hug, Handbook of Photochemistry, 2nd. ed. Marcel Dekker, New York, 1993.  jW. R. Ware, J. 
Phys. Chem. 1962, 66, 455.   kW. L. Wallace, R. P. Van Duyne, F. D. Lewis, J. Am. Chem. Soc. 1976, 98, 5319. lM. S. 




























    
 
Fig. 1 (left side)  Fluorescence quenching spectra of: (a) N,N,N’,N’-tetramethylbenzidine in 
the presence of  0, 1.2, 2.4, 3.6, 4.8 and 7.2 mM ASC; (b) chrysene in the presence of 0, 12.0, 
23.9 and 35.8 mM of ASC.  As indicated with an arrow, the emission intensity decreases with 
increasing concentration of ASC. Fig. 2 (right side) Representative Stern-Volmer plots for 
(a) ASC and (b) DTBP quenching the fluorescence of various donors: (▼) naphthalene, (■) 
acenaphthene, () N,N,N’,N’-tetramethyl-1,4-phenylenediamine, (●) chrysene, (▲) 
anthracene, (○) phenanthrene, and  (□) coronene. 
Donor 
ED+/D 









N,N,N’,N’-Tetramethylphenylenediamine 0.16c 77.6 –73.7 7.1d 
N,N,N’,N’-Tetramethylbenzidine 0.43c 83.0 –73.1 10.0e 
N,N-Dimethylaniline 0.79c 88.4 –70.1 2.8d 
N,N-Diethylaniline 0.76c 87.6 –70.1 2.8f 
Acenaphthene 1.21g 89.8 –61.9 39.6h 
Naphthalene 1.54g 92.4 –56.9 105i 
9,10-Dimethylanthracene 0.87l 71.5 –51.4 11i 
Anthracene 1.09g 76.2 –51.1 5.8j 
Pyrene 1.16g 77.0 –50.3 323h 
Chrysene 1.35g 79.6 –48.5 42.6d 
Benzo(ghi)perylene 1.01g 71.4 –48.1 119h 
Phenanthrene 1.50g 82.7 –47.2 57.5k 
Perylene 0.85g 65.8 –46.2 6.0j 
9-Phenylanthracene 1.30l 74.0 –44.0 6.8 i 
Tetracene 0.77g 60.9 –43.1 5.6 i 
9,10-Diphenylanthracene 1.27l 71.9 –42.6 8.2 i 
Fluoranthene 1.45g 72.9 –39.5 46.4h 







































Table 2: Bimolecular rate constants for excited state aromatic donors quenched by DTBP and 


















kASC                   
(/107 M-1 s-1) 
 Concerted Stepwise  Concerted  Stepwise  
N,N,N’,N’-
Tetramethylphenylenediamine 
–38.0 –11.4 20 –48.6 –23.1 910 
N,N,N’,N’-Tetramethylbenzidine –37.4 –10.8 82 –46.1 –20.6 510 
N,N-Dimethylaniline –34.5 –7.9 16 –45.5 –20.0 780 
N,N-Diethylaniline –34.4 –7.8 10 –42.5 –17.0 750 
Acenaphthene –26.3 0.4 36 –34.3 –8.9 240 
Naphthalene –21.2 5.4 18 –29.3 –3.8 140 
9,10-Dimethylanthracene –15.8 10.8 2.4 –23.9 1.6 64 
Anthracene –15.4 11.2 6.6 –23.5 2.0 84 
Pyrene –14.6 12.0 1.6 –22.7 2.8 17 
Chrysene –12.8 13.8 4.2 –20.9 4.6 48 
Benzo(ghi)perylene –12.5 14.2 0.41 –20.5 4.9 6.5 
Phenanthrene –11.5 15.1 3.0 –19.6 5.9 59 
Perylene –10.6 16.1 4.3 –18.6 6.8 21 
9-Phenylanthracene –8.4 18.2 7.6 –16.5 9.0 61 
Tetracene –7.5 19.1 2.0 –15.6 9.9 18 
9,10-Diphenylanthracene –7.0 19.6 4.5 –15.0 10.4 38 
Fluoranthene –3.8 22.8 1.2 –11.9 13.6 7.8 
Coronene –2.1 24.5 0.44 –10.2 15.3 2.7 
aFree energies calculated from the Weller equation: GET = 23.06 (E°D/D•
+ + E°DAB/A•+B-  q
2/r)  Es where q
2/r  = 0.1 V; 
bE°AB/A•+B-(DTBP) = –1.55 V vs. SCE, 
cE°AB/A•+B-(DTBP) = –2.7 V vs. SCE,  
dE°AB/A•+B-(ASC) = –1.2 V vs. SCE, 
eE°AB/A•+B-
(ASC) = –2.3 V. The stepwise values for DTBP and ASC are approximated based on the observed trend within a series of 
perbenzoates. Ref 13. 
 
 The quenching rate constants measured for ASC and DTBP are listed in Table 2. A 
comparison of the rate constants with respect to a given sensitizer reveals the rate constants 
are greater for ASC than DTBP by one order of magnitude.  This difference is attributed to 
steric hindrance from the tert-butyl groups shielding the O-O bond.
8
  The rate constants span 
over 3 orders of magnitude ranging from 5  10
6






, the fastest observed rate 






 with a 
calculated driving force of 48 kcal mol
-1
.  
Many precautions were taken to ensure the reliability of the measured rate constants.  UV-
visible absorption spectra were recorded before and after each quenching experiment to 
safeguard against inner filter effects from absorption of light by the peroxides.  UV-visible 
spectra were also independently taken of ASC and DTBP at the various concentrations used.  
At concentrations of 0.1 M, both peroxides exhibit a weak absorption tail in the UV spectrum 
up to 340 nm.  Most sensitizers were excited at wavelengths greater than 340 nm, or required 
significantly less peroxide for efficient quenching.  Hence, the likelihood of energy transfer is 
ruled out.
7d,e
  Control quenching experiments were also performed to ensure against dilution 
effects using nitrogen-saturated acetonitrile as a quencher in volumes similar to the peroxides:  
in all cases no significant change were observed in the fluorescence intensity. Furthermore, 




control experiments in the presence of 0.1 M TEAP, as in the electrochemical reactions, were 
found to be within experimental error.  For example, the quenching rate constant for ASC in 






 and in the absence of electrolyte the rate 







The rate constants are plotted versus the feasibility for ET, GET, in Fig. 3 and 4. In the 
electrochemical experiments with homogeneous radical-anion donors, the GET is calculated 
from the oxidation potential of the radical-anion donor, E°D•/D*, and the dissociative 
reduction potential of the peroxide, E°AB/A•B-, in eV as given by eq 8  
 
 
Fig. 3 (left side) The photochemical () and electrochemical () ET rate constants of (a) ASC 
and (b) DTBP measured in acetonitrile. For both the electrochemical and photochemical rate 
constants, GET is calculated for a concerted dissociative mechanism.  The dashed line is the 
diffusion limit in acetonitrile. Fig. 4 (right side) The photochemical () and electrochemical 
() ET rate constants of (a) ASC and (b) DTBP measured in acetonitrile.  For the 
electrochemical data, ETG  corresponds to a concerted mechanism and for the photochemical 
data, ETG  is calculated assuming a stepwise dissociative mechanism. The dashed line is the 
diffusion limit in acetonitrile. 
  - -ET D/D AB/A +B23.06( )   G E E      (8) 
 In PET reactions, in addition to knowledge of the redox potentials, the GET is dependent 
on knowledge of the singlet energy of the donor, SE  in kcal mol
-1
 and the Coulombic term, 
q
2
/r, in eV.  The latter takes into account the desolvation and attraction of solvent-separated 
oppositely charged species.  In polar solvents, such as acetonitrile with a large dielectric 



















































































energy on the order of 0.1 eV.  Hence, the driving force for PET is calculated using the Weller 
equation as given in eq 9  
GET = 23.06 (E°D/D•
+
 + E°DAB/A•+B-  q
2
/r)  Es (9) 
 The quenching rate constants are reported in Table 2 as a function of the driving force for 
both a concerted and stepwise PET using eq. 9 and the singlet energies and donor oxidation 
potentials in Table 1.  The standard reduction potentials for concerted DET were taken from 
previously published results
8,10 
whereas the stepwise values were approximated from a 
thorough study on the ET reduction of perbenzoates
13
.  In both cases, the rate constants 
increase as the reaction becomes more exothermic with those for ASC being consistently 
greater.  This is partly due to a steric effect imposed by the bulky tert-butyl groups in DTBP 
compared to the unshielded O-O bond in ASC.  A similar trend was observed on comparison 
of the heterogeneous ET rate constants for DTBP and di-n-butyl peroxide
8
. 
 The rate constants in Table 2 cover a thermodynamic range spanning over 35 kcal mol
-1
.  
ET is thermodynamically feasible for all sensitizers based on a concerted ET mechanism.  In 
contrast, a stepwise ET is an uphill process for the majority of sensitizers except for those 
with rate constants approaching the diffusion limit.  In Fig. 3 and 4 the kinetic data of the 
homogeneous radical-anion donors
8,10
 are combined with the photoinduced data as a function 
of driving force for ET.  Fig. 3 illustrates the photochemical rate constants predicted for a 
concerted dissociative ET and Fig. 4 for a stepwise dissociative ET, respectively.  The 
combined collection of rate constants is the most comprehensive covering a free energy range 
in excess of 50 kcal mol
-1
 and a kinetic range of over 11 orders of magnitude. 
Discussion  
 Both thermodynamic and kinetic factors govern the competition between a stepwise and 
concerted mechanistic pathway, as well as the magnitude of the observed ET rate constant, 
kET
20
.  Differentiating between eq 2 and eq 4 is dependent on a number of parameters 
including the standard potential of the electron acceptor, intrinsic barrier G0

, temperature T 
and the pre-exponential factor Z
13
.  The rate constant for ET for either eq 2 or eq 4 is 









        (10) 
where G

 is the activation free energy.  According to both non-dissociative and dissociative 
ET theories, the relationship between G

 and GET, the free energy for ET, is described by a 
quadratic activation-driving force relationship (eq 11) 















      (11) 
 Concerted DET is thermodynamically favoured over the stepwise process when the standard 
potential for the concerted reduction, E°AB/A•+B-, is more positive than the standard potential 
for a stepwise reduction, E°AB/AB•-, and when the cleaving bond is weak, as commonly 









 In a stepwise mechanism (eq 2), the major contribution to the G0

 is the solvent 
reorganization energy,  according to G0

 = /4.  However, in a concerted mechanism (eq 
4) G0

 also has a significant contribution from DR, the bond dissociation energy of the 
cleaving bond such that for a concerted dissociative ET G0

 = (DR + )/4.  The pre-
exponential factor for formation of the radical-anion intermediate (eq 2) and concerted DET 
(eq 4) typically describe an adiabatic process.  However, with peroxides the concerted DET is 
non-adiabatic with the Z value at least 0.01 smaller than the adiabatic value
8-10
. With respect 
to log kET versus GET plots, the Z and the standard potential directly affect the ordinate and 
abscissa, respectively.  A smaller non-adiabatic Z results in a downward shift in the observed 
log kET whereas a smaller (or more negative) standard potential results in a shift to less 
driving force.  The intrinsic barrier describes the curvature of the parabola – as G0

 




Scheme 3: The mechanistic ET pathways for the photochemical reduction of endoperoxides 
(and peroxides) accounting for both concerted and stepwise dissociative PET.  The rate 
constants are: kf (fluorescence), kdiff (diffusion rate constant), k-diff (back diffusion rate 
constant), kETS (stepwise ET), kBET (back electron transfer), kETC (concerted ET), kfrag 
(fragmentation of the O-O bond) and ksp (separation of ions). 
 
In Fig. 3 (left side) the photochemically determined rate constants for both ASC and 
DTBP do not exactly follow the established trend of the electrochemical kinetics.  The two 
kinetic sets for ASC display a discrepancy of 3 log units at GET = 10 kcal mol
-1
, where the 
electrochemical data ends and the photochemical data begins.  With DTBP the discrepancy is 
most pronounced.  The G

 for concerted dissociative ET to ASC and DTBP in the 
electrochemical experiments are 12 and 13 kcal mol
-1
, respectively, as previous reported
7,8
.  
This discrepancy of 3 log units between data sets corresponds to a G

 of 4 kcal mol
-1
 
between the photochemical and electrochemical data sets according to a concerted DET 
mechanism. 
 What is the source of this difference in the kinetic sets?  PET reactions differ from 
electrochemical ET reactions with radical-anion donors in that the overall driving force is 
greater in the photochemical case. As the driving force for photoinduced reactions is larger, 
there is the possibility that the mechanism may switch to a stepwise mechanism as observed 
with 4-cyanobenzylmethylphenyl sulfonium on going from electrochemical to photochemical 
conditions
7
.In Fig. 4 (right side) the photochemical rate constants are plotted under the 
assumption of a stepwise ET mechanism (and the electrochemical data as a concerted ET 
mechanism).  The PET rate constants are shifted to positive driving forces for the vast 
majority of donors.  Although the intrinsic barrier is considerably smaller for a stepwise DET, 
based on thermodynamics, a stepwise DET reaction is not predicted to be feasible and a 




change of mechanism unlikely.  The same conclusion was reached with CCl4 and 4-
cyanobenzyl chloride, which were shown to follow a concerted mechanism at low driving 
forces and a concerted mechanism with singlet excited state donors
3b,7a
. Another possibility 
could be an increase in the Z term  to the extreme that the rate of PET is faster by up to a 
factor of 100 at the largest driving forces such that PET to peroxides is an adiabatic reaction.   
However, we know of no precedence in this regard.  
 Another difference between PET and the ground state ET is with respect to the attractive 
interactions between intermediates. ET between radical-anion donors and a substrate, as in 
eqs 5 and 6, results in no net change in charge between reactants and products.  However, ET 
between two neutral molecules results in the formation of a pair of oppositely charged 
species. Typically the formation of charged species is considered as a thermodynamic work 
term as in the Weller equation eq 9
22
. However, when there is an attractive interaction 
between a radical and ion upon bond cleavage, there can be a boost to the kinetics and/or 
decrease to the intrinsic barrier
3b,7a,23
. as the repulsive potential energy surface has a shallow 
but observable minimum as seen with CCl4
7c
. The "sticky" DET model has also been applied 
to account for a discrepancy in the PET rate constant for the reaction between 2-ethyl-9,10-
dimethoxyanthracene and 4-cyanobenzyl chloride
3b
.  
To account for attractive interactions, the intrinsic barrier is calculated using equation 12 
where DR is the bond dissociation energy and DP is the interaction energy between fragments. 
Table 3 compares the experimental rate constants for carbon tetrachloride, 4-cyanobenzyl 
chloride, ASC and DTBP together with theoretically predicted rate constants for the cases 
when attractive interactions are not considered (eq 11) and when there is an attractive 
interaction (eq 12)
24
.   From our analysis we find a reasonable fit with G0

 = 8.7 kcal mol
-1
 
and DP = 0.06 V for ASC, the latter falls in line with previously determined values for carbon 
tetrachloride and 4-cyanobenzyl chloride
3b
.  In contrast, a good fit with DTBP results in 
unreasonable values of G0

 = 4.4 kcal mol
-1
 and DP = 1.0 V: the minimum possible value for 
G0

 is expected to be 9 kcal mol
-1
 based solely on the DR.  Instead, in Table 3 theoretical 
values for kET are included for DP = 0.1 V for comparison.  The results of the data analysis 
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  
   (12) 
 
What could explain this finding?  Perhaps with ASC the eclipsed lone pair orbitals on the 
oxygen atoms are readily accessible to the pi orbitals of the excited state aromatic 
hydrocarbons, which facilitates an attractive interaction at the transition state
25
.  A cyclic 
configuration would also facilitate a weak interaction between the alkoxide radical and the 
alkoxide, which would be more stable than a conformation in which both oxygen atoms are 
apart. In contrast, DTBP has the lone pair orbitals on the oxygen atoms in a staggered 
conformation, and more importantly, the steric bulk of the tert-butyl groups prohibits any 
such interaction between the oxygen atoms and the excited state donors.  The interpretation is 
that ascaridole may react via a PET mechanism and whereas DTBP may prefer some other 








Table 3: Comparison of thermodynamic and kinetic data for concerted dissociative ET 



































































 30.0 9.2 3  10
4
 5.5 2  10
7













































































aReference 7d with perylene: reported values GET = 1.161V, o = 15.8 kcal mol
-1, DR = 2.84 V, DP = 0.062 V, ket 
calculated from Stern-Volmer constant 18.4 M-1 and fluorescence lifetime of perylene;  bReference 3b with 2-ethyl-9,10-
dimethoxyanthracene: GET = 1.30V, o = 16 kcal mol
-1,DR = 2.82 V, DP = 0.058 V; 
cReference 10, DR = 28 kcal mol
-1, 
o = 20 kcal mol
-1, DP = 0.06 V;  
dReference 8, DR = 37 kcal mol
-1, o = 16 kcal mol
-1, DP = 0.1 V; 
eequation 11; 
fequation 10 and 11 with Z (CCl4) = 2.0  10
11, Z (4-CNBzCl) = 2.0  1011, Z (ASC) = 8.0  109, Z(DTBP) = 3.0  109 
at 298K; gequation 12; hequation 10 and 12 refer to f. iPhotoinduced reactions except for j. jHomogeneous redox 




 Our initial hypothesis was that a concerted dissociative PET mechanism would follow the 
established quadratic trend of the electrochemical data.  Rather, we observed a discontinuity 
between the electrochemical and photochemical rate constants despite using accurate standard 
reduction potentials for the peroxides and taking great care to ensure the quality of the kinetic 
data measured by Stern-Volmer quenching.  Based on thermodynamic arguments, a stepwise 
DET is an uphill reaction and thus ruled out. Thus, at high driving forces, the dissociative 
reaction for ASC involves concerted electron transfer and bond breaking.  The enhancement 
in the observed rate constants likely results from a small but significant attractive interaction 
between cage fragments in the PET reactions, as observed with carbon tetrachloride and 4-
cyanobenzyl chloride, which contributes to lower the activation barrier, and hence increase 
the rate of the reaction as predicted by dissociative electron transfer theory accounting for 
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Experimental Section  
 
 Emission and excitation spectra were measured at room temperature using a Fluorolog–
311 spectrofluorimeter interfaced to a personal computer running version 2.2 DataMax 
software for Windows.  UV-visible absorption spectra were measured on a Varian Cary 100 
double-beamed UV-visible spectrometer.  Infra-red spectra were recorded neat on a Bomem 
MB 100 FT-IR spectrometer between NaCl plates.  Nuclear magnetic resonance (NMR) 
spectra were recorded on a Varian XL 300 spectrometer using tetramethylsilane as the 




C NMR spectra were recorded at 300.1 and 74.5 MHz, 
respectively.  Mass spectrometry was performed on a MAT 8200 Finnigan high-resolution 
mass spectrometer by electron impact.  Singlet lifetimes were measured using a PTI (Photon 
Technology International) luminescence system LS-100 spectrophotometer.  Data acquisition 
was obtained using 2.03 LS-100 TC-SPC software on a Pentium 166 computer and data 
analysis was performed using TimeMaster version 1.2.  Sample concentrations were prepared 
with the optical density between 0.2 and 0.3 at the excitation wavelength and purged for a 
minimum of 10 minutes.  
 The fluorescent donors were purchased from Aldrich.  Scintillation or gold label grades 
with purity > 99% were used.  Other solids of lesser purity were either sublimed or 
recrystallized prior to use.  N,N-dimethylaniline and N,N-diethylaniline were fractional 
distilled under reduced pressure.  Spectroscopic grade acetonitrile (BDH) was used as 
received.  Di-tert-butyl peroxide was purchased from Aldrich and passed through activated 
alumina before use.  Ascaridole was prepared by photo-oxygenation with -terpinene using a 
published procedure.
28
 Ascaridole was purified by distillation at reduced pressure using a 
Kugelrohr apparatus. -Terpinene (85 %) was purchased from Fluka and used as received. 
 
Fluorescence Quenching Experiments 
 
  A stock solution of fluorescent donor was prepared with 10 mg samples in 100 mL 
solutions of acetonitrile for 15 minutes.  Subsequent donor concentrations ranging from 1.0  
10
-4
 to 1.0  10
-6 
M were prepared by dilution.  The optical density of each solution was kept 
below 0.2 at the longest wavelength.  Samples were contained in a 0.7 mm
2
 Suprasil quartz 
cell and sealed with a Teflon septum.  Before the initial addition of peroxide, the donor 
solution was purged with nitrogen gas for at least 10 minutes to remove oxygen.  Precautions 
were taken to prevent volume changes due to evaporation of solvent.  ASC and DTBP were 
stocked in septum-sealed vials and purged with nitrogen before use.  Rate constants were 
evaluated from Stern-Volmer plots with a minimum of five concentrations of peroxide from 
the average of three separate experiments.  An absorption spectrum of the donor solution was 
taken before and after addition of peroxide during the quenching experiment to check that the 
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